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change of flightpath angle with alrapeed for constant thrust 
electronic attitude director Indicator 
column force 
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horizontal situation Indicator 
touchdown sink rate 
Instrument flight rules 
multifunction display 
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Fli^t es^jeriments have been oonductad with the Augnmitor Wing 
Retseardi Aircraft to evaluate flying qualiti^ for the STQL flare and 
landing during night operatlone. Ihe experimente were ounried out at 
Ames Reeearch Goiter 'a experlrantal flight facility at the Crowe Landing 
Naval Airfield using a baseline lightiiig configuration ocnparable to that 
o£ Transport Canada Ottawa-ttontreal STOL Dononstration Project. 

SiJiulated instnment approachea were made to Category I mininums followed 
by a visual landing on a 100 x 1700 ft STDL runway. Data was obtained 
for variatic»is in the aircraft’s flare reapcmse characteristics and 
oontral techniques and for different oombi^tions f edrcraft and ^ unway 
lighting and a visual approach slope indication. 

With the conplete aircraft and runway lighting and visual guidance 
as used in the Transport Ceuiada Program, no degradation in flying 
(jualities or landing performance was observed oorpared to daylight 
operations. Elimination of the touchdown zone floodlights or the 
aircraft landing lights led to somewhat greater pilot workload; however 
the landing could still be accomplished successfully, loss of both 
touchdown zone and aircraft landing lights led to a high workload 
situation and crily a marginally adequate to inadequate l 2 mding capability 

INTRODIXZTION 

A substantial amount of flight experience has been obtained 
concerning the factors that influence control of the; flare and landing 
for STOL aircraft. Flight research programs at the Ames Research Center 
with the Augmentor Wing and Quiet Short Haul Rese^urch Aircraft (refs. 

1-5) , at Princeton University with the variable stability Navion (refs. 
6,7) and by Systems Technology, Inc. using this aircraft (ref. 8), have 
provided considerable information about the characteristics of 
flightpath response to a powered-lift STQL aircraft's thrust euid pitch 
attitude controls and the extent to which ttese characteristics influence 
control of the landing flare. A good deal of experience has also been 
obtained from specific op^aticwial and prototype STQL aircraft such as 
the de Havilland DHC-6 TVin Otter and Dash 7 aircraft, the Breguet 941, 
the Boeing YC-14 and the McDonnell-Doiiglas YC-15 STOL transports. Most of 
this infoxmaticxi from the research and operational programs has been 
obtained during day VFR or simulated IFR landjjig approaches to a 
specified decision height followed by a visucd flare and touchdown. Only 
the iVin Otter, Dash 7, 2 ind Breguet 941 have had exposure to night 
operations. The IWin Otter was invol'/ed in tlie Transport Canada 
Ottawa-Montreal STQL Demonstration Project to determine the technical, 
operational, and regulatory requirements and operational feasibility of 
an intercity STOL air transportation system. A nurber of conservations 
and reaonniendations came out of this progreen, including airfield 
facilities and operational criteria (ref. 9) and the projects pilots' 


inpreuions of the operational aepecta of the program (ref. 10) . Oaeh 7 
eMpoBure to ni^t operations has aocunulatad in oonjwction vdth its air 
carrier operations, and the Broguet 941 vma briefly evaluated during a 
U.S. Air Fbrce program conducted in 1963. 

With this «(perienoe as a background and, Sj^iecifically, considering 
the design criteria develc^sed for ocmtrol of the flare 2 Uid landing during 
day operations, it vas of interest to determine the extent that ni^t 
operations and airfield lifting configurations mi^t influence these 
design criteria. Oonsequmitly, flight eagnriments were cniducted on the 
Augmentor Wing Research Aircraft to evaluate the flare characteriatics of 
selected fli^tpath control oonfigurations during daylight and ni^t 
oonditionB and to determine the effect of variations in the runway 
lifting arreuigeroent and visued approach slope guidance. The flightpati 
respcxise onnfiguratljcxis viere selected from previous cu^rimental prograna 
to include those which use either pitch attitude or thrvmt as the primary' 
flare control and vhich eaicompass flare response cheuracteristics that 
were assessed to range from fully satisfactory to marginally adequate 
durincj day landings 1;^ the project evaluation pilots. 

This report describes the nic^t landing experiments, including the 
research aircraft and airfield facilities, and presents the results of 
the pilots' evaluations of the effects on the fleure and lar»ding of the 
various lighting conditions. 

DESCRIPTION OF THE FLiafT EXPERIMENT 
Research Aircraft 

Ihe flight experintints conducted during this rese^u•ch progrear were 
pc*r formed with the NASA Ames Research Center's Augmentor Wing Research 
Aircraft. This aircraft, as shown in figure 1, io a de Havilland C-8A 
Buffalo, modified to incorporate a ^-'ropulsive lift system by The Boeing 
Ocnpany, de Havilland of Canada, artd Rolls Royoe of Caneuia. In this 
program, capabilities for entering its basic lift and drag 
characteristics, as described in reference 1, were used to represent 
selected oonfigurations for evaluation of flare oontxol characteristics. 
Pitch, roll, emd yaw stabilization and ccnmand augmentation were also 
provided to insure satisfactory attitude ccxitrol for these e^gserimaits . 
Cockpit displays and other instrumentaticm described in reference 3 
were also included. For night operaticm, external landing lights and 
cockpit interior lights were added to the aircraft; three 250 vatt 
sc€ded-beam lights were attached to the aircraft’s main landing gear amd 
nose gear as shswn in figure 2. 

Airfield Facility 

Approach and landing operations were conducted at Ames Reseeirch 
center's experimental flight facility at the Crows Landing Naval 
Airfield. A STOL runway is laid out on the surface of runway 35 as shown 
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figurt 3. Hiit nnMfty his dlnansions of 30 x SXSbi (100 x 1700 ft) , 

IS locatad about half way along t[na langth of tha main runwi^, 

For night operations, this nsway was ligttted as shown in figure 4. 
This arrangement v«s intended to rvprmamt that used in raforanoe 9 and 
did so to a major extent. White nnway edge lights of 30 watts power 
lined tl»o Imgth of the runway, Green touchdown zone edge li^ts of 204 
usktts intensity extended for the length of the toudhdown sons, which wee 
92m (300 ft) in this instance inetead of 61m (200 ft) as used in the 
daylight landings of referoioe 1. In addition, the touchdown zona was 
floodlit by 500 watt lan^, spaced ISm (SO ft) apart, 6.1m ( 20 ft) from 
the edge of the rurway. The photograph in figure 4b shows tha ocsplete 
lighting arrangement although the quality of the picture is insufficient 
to show the extent to whicfi the flcxxilights illuminate the touchdown 
zeme. In fac:t, the aitire 2 on& from runway centerline to both edges was 
fully Ii(^ted. 

rhotographs and detailed drawings of the individual light elements 
eupo shown in figures 5 and 6. For this experiment, their installation 
was int&vied to be portable. As a oonsequcmoe, th^ all were mounted on 
wooden frame fc»tings and v^re restrained by sandbags to prevent them 
from being displaced by the aircraft's wake. The drawings illustrate the 
permanent design installation used in reference 9. 

Jieasursnents ware of the intuisity of illimination of the 
touchdown zone. Readings were obtained from a Pritchard Wiotaneter 
(Model 1970-PR) located 1.45m (4.75 ft) alx)ve the runway surface ai^ 
aimed at the runway at a depression angle of 16 degrees. Figure 7 shews 
the locaticijs of the aim points at which the photometer readings were 
taken and presents a tabulation of these values. 

Precision electronic landing guidance was prr /ided by a prototype 
microwave ^stem (MODILS) . A Fresnel Lens Optical Landing System was 
used for visual guidance to the glide slope during the final segment of 
the approach below decision height and during the initiation of the 
flare. This device is shown in figure 3 and is described bi detail in 
reference 11. It gives an indicaticxi of deviation from an opticed. glide 
slope using a light source focussed through the Fresnel lens and 
referenced to a Ixirizontal datun bar of green lights as shown in figure 
4b. For this experiment, the optical glide slope was offset from the 7.5 
degree MX)ILS glide slope by a vertical distance corresponding to the 
pilot's eye position in the cockpit with the aircraft in its noninal 
landing attitude so that the visual emd electnxiic indications of glide 
slope deviation were in agreement. The runway intercept points for the 
MDDILf and oiatical glide slopes are indicated in figures 3 and 4. 

fOr this experiment, data was obtained through tape recording cm 
board the aircraft and telemetry of a pulse ocxSe-modulated (PQt) data 
stream. The airborne data included aircraft attitudes, angular rates. 
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linear aooeleratlon data, approach path deviations, angina parformanoa, 
control positions, and digital control ays tan discrsta and oonputad 
variablss. Ground-basad three axis, radar tracking data «ms inargad vdth 
that obtc'ined from telanetry and recorded for post fli^t analysis of 
approach path trad<ing and landing performance. 

Experiment Matrix 

Flare cc^txol oonfiguraticx^s v»re adopted from xefarencea 1 and 2 
and represented extremes of veuriatlons in the pilots' assesmants of 
fl^u^e oontrol with pitch attitude and thrust from those p ro g r a m s . Dieir 
essential characteristics are reviewed in table 1. They ircluda (A) the 
basic Augnentor Wing Aircraft (oonfig. 11 from ref. 1) that utilizes 
pitch rotation as the primary control, with assistance as required from 
thrust; (B) a configuration from referm’.ce 2 that augments fli^tpatli 
response to pitch to the extent that pitch alone is used for the flare; 

(C) a configuration with inadequate path respcnse to pitch that requires 
that thrust be the primary fiaure oontrol (oonfig. 14 from rvf. 1); and 

(D) a ocxif igurat ion similar to (C) txit with quickened path respc^ise to 
throttle. They were first reassessed in daylight operations to confirm 
the pilots 'original judgments. Then, all four were evaluated under night 
conditions with all runway lighting elements and the Fresnel lens 
guidance turnec on. Fallowing this series of larK^ings, cDnfigm'ations A 
and D were e/a' ited with the floodlights off, and ocmfiguration A vas 
£U3sessed with l^mding lights off, the Fresnel lens off, and both 
floodlights and landing Jights off. Landings were not performed with 
degraded lighting for oonfiguration C, w* ose characteristics were only 
marginally adequate under the best lighting conditions 


DISCUSSION OF RESULTS 
Review of Daylight Landing Characteristics 

Before night operations were initiated, each of the esqperimentzd 
oonfigurations were re-evaluated un^r dayligjjt conditions to f^uniliarize 
the pilots with their flare characteristics and to establish a baseline 
from vdiich to assess the influence of night c^jerations and the aircraft 
and airfield lighting conditions. Following the familiarization fli<^ts, 
both pilots concurred with the ratings that were given to these 
oonfigurations during the landing evaluations of references 1 and 2. As 
noted in table 2, configuration A (config 11, ref 1 ) vjas oonsidered to 
have adequate flare capability when pitch rotation is used as the 
primary control to mod\J.ate the flare and thrust is used as required for 
gross sink rate corrections at flare entry and to prevent floating out of 
the touchdown zone. Pilot ratings ranged from 3-1/2 to 5 in this case. 
Qanfiguration B with augmented heave response (ref. 2) could be flared 
with pitch oontrol alone and was oonsidered to have fully satisfactory 
flare capability. Pilot ratings for this configuration were 2 to 3. Far 
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configuration C (cnnfig 14, xef I) which had inadaguata haava zaaponaa to 
pitch, the flare waa parformad priraurily with thrust. Bacauaa of tha 
relatively a.^uggiah flight^th roaponae to tha throttlaa aaaociatad with 
loir; vertical vela^ity danping * >0.21 aacrh and aoRiawhat alow angina 
acceleration charactaristica ( up* 2.7 rad/aec) , tha flare capability 
with thrust wea considered to be lust adequate and was rated from 5 to 6 
by the pilots. When the effective oigine reapmae was quickenad 
aubatantially ( 10.4 rad/sac) for configuration D, the flare 

ceg>ability 'was considered to be cleeurly adequate or even marginally 
satisfactoii and was given ratings from 3 to 4-1/2. 

Effect of Night Lifting Oonditions 

F^l lifting oonfiq>.u:a^on - With the ooiplete edxcraft and 
^Lirfield lighting ooafigurtition described in the previous section, the 
pilots considered the flare ar d landing caioobility for all four 
flightpath response oonfiguracions to be the sane or only slightly 
degrad^ in conpariaon to daylight operaticMis. At the most, pilot B's 
ratings changed only by one-half rating unit. The floodlit landing zone 
used in this program, provided cues for judganent of sink rate and 
touchdown point that were equivalait to those available in daylight. In 
sane cases the pilots were more oonscious of the touchdown zone than 
during daylight conditions. Runway surface detail was discernible prior 
to flare initiation and depth perception v/as oonsldered to be good. The 
aircraft landing lights illiminated the dark runway surface ahead of the 
touchdcwn zone and provided some indicaticm of the visual edm point for 
flare initiation. 

Flare profiles for configuration A are shown in figure 9 that offer 
a oonparison of day 2 uid night operaticms w^.th oonplete runways and 
edrcraft lighting available. Considering the sink rate profiles in 
figure 9a, the character of the fl^une is quite similar for day and night 
oonditions, particularly the altitude for flare initiation ^knd the amount 
of sink rate arrestment. The use of pitch rotation for flare oontrol is 
nearly identical as well and, as illustrated in figure 9b, the rotation 
from i\Kre initiation to touchdopwn is steady with no apparent oscillatory 
tendencies, ikme oontrol with thrust, ooordinated with the pitch 
rot/’tion, nay be noted in figure 9c, and is ocmsistent with the flare 
technique used for this configuration in reference 1. A ocmparison of 
landing performance, presented in figure 10 shows similau: touchdown point 
and sink rate dispersicms for day and night additions. The difference 
in mean sink rates is not oonsldered to be significant and any difference 
is most likely due to the absence of turbul^ice during night operations. 
The fact that the mean touchdown point was well within the touchdown zone 
for the ni^t landings, as ocirpared to somewhat lofiger dayli^t landings 
is considered to be a oonsequav^e of the incentive to land within the 
lighted area, the aihanced definiticm of the touchdown zone provided )ay 
the floodlights, and the lack of a well defined visual aim point for the 
daylight landings. Consequently, it should be possible to rediKse or 


•liminatt this diff«r«ne« by piovldlnQ a ooniiaUlng visual aim point on 
ths runway for daylight landUngs. 

FOr ocxifigurotion B, landing flare profiles presented in figiixe 11 
also show oonfiarable behavior £or day and ni^t landings. The flare 
oornnances with a pitch rotation at altitudes from 40 to 50 feet ard a 
gentle rotation is carried to the paint of touchdown. Because the 
aircraft's heave o^poruie to pitc^ is quidcensd and follows the pitch 
rotation well in the long term, quite precise sink rate oontrol can be 
achieved with this configuration. Limited touchdown performance data 
were obtained for night landings with omfiguration B and are shown in 
figure 12. Ihese data feill within the range of results for touchdown 
distance and sink rate tliat were obtained during daylic^t operations and 
oorroborate the pilots' inpressions that fully satisfactory landing 
performance can be achieved with this configuration. 

Profiles for oonfiguration C are presented in figure 13. riaxB 
initiation appears to occur at 8 imil 2 u: ^dtitu:fe8 at night 2 is in daylight, 
when the full lighting eurray is available. The same vigorous use of 
thrust is also evident is both cases. Althowigh landing performonoe data 
for night operations are not sufficient for statistical significance, the 
results, a^iown for conpariaon in figure 14, as well as tne pilots' 
inpressions of precision of flare gontrol indicate that acceptable 
larxling performance can be achieved. 

Results from landings with oonfiguration D show similar 
cfiaracteristics of fl^u^e ocmtrol to those of configuration A for both day 
and night landings. Figure 15 illustrates the flare profiles for night 
operations emd presents a few exarples from day landings as well. Sink 
rate profiles eure conparablc for day and night oonditions and, referiring 
to figure 9a, to those for cxinfiguraticxi A during night landings. Tnrust 
oontrol is similar for the day and night exanples shown and it is worth 
noting that except for the final application of thrust to arrest the sink 
rate, the nagnitude of thrust oontrol activity is considerably less for 
this ocxifiguration with quickened thrust response, particularly oonpared 
to oemfiguration C (fig. 13b) that has substantially longer thrust 
respmse time to the throttles. Landing performance results are 
presented in figure 16 and, with the excepticxi of one landing short of 
the touchdown zone, are ocnpuable to those for oonfiguration A. 

Touchdown zcaie floodlights off - Laiidings without the touchdown zone 
floodlights were peurformed with configurations A and D. While there are 
nearly as many cues available with the floodlights off as with them on, 
there is less awarraiess of the touchdown zcxne location with these li^ts 
off. Ihe landing lights did not illurdnate the runway surface until the 
aircraft descended to about 60 feet above the surface. Although the green 
edge lights alcmg the touchdown zone are distinctive enough during the 
e^proach to the flare, the pilot temls to lose sight of than during the 
flare as he concentrates on the touchdown point ahead of the aircraft. 
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•Stm fHW situfttion regarding the touchdown aona atripaa dui.’ing 

daylight landlnga. liilla tha abaanca of aona lighting had aam 

adusraa affect on the pilota* avaluationa of f'axe control for thaaa two 
oonfigurationBr the da^adation was minimal. Fbr ooiifiguration A# tha 
<dwnga vrui ono~iialf rating unit or laaa, for omfiguration D tha 
dacronvnt was ona unit. Although toudidbwn sone floodli^ting %Ma 
clearly deairable, tha landing could bo performed adequately for aithar 
of theaa oemfigurationa in U<uir abaenc^. 

Flare profilea for ocxifiguration A axe included in figure 17 and, in 
oenpariaon to the envelope of profilea with th floodlighta on (fig. 9)« 
■how essentially no difference in airJc rate, pitch or thrust control 
characteristics. Vtiile it appears that there may be same tendency to 
initiate the flare with the pitch rotation at slightly hitler altitudes 
with the flood lights off, the pilots made no specific oenmants in this 
regard, and the data availal)le are insufficient to be ooncluaive on this 
point. Landing performance data shown in figure '0 axe also not 
statistic^dly significant; however the^ indicate an ability to make 
precise landings at low sink rates in the absence of touchdown zone 
floodlights. 

Similar oorments may be made for oemfiguration D. Figure 18 shows 
flare profiles tluit are ,aite similar to those obtained with the 
floodlights on. Again, it appears that the altitude for initiation may 
have been slightly higher with the floodlights off; however, the primary 
applicatlcm of thrust for final sink rate arrestment is still not 
initiated until altitudes of 20 to 10 feet are reached. Landing 
perfontnnee shown in figure 16 compares well with that for the floodlit 
touchdown zone. 

Mrcraft landing lights off - When all the airfield lighting was on 
and tlie aircraft lanoing lights were turned off. the degr 2 ulation in flare 
oontrol capability was also mijiimal. This lighting oemfiguration was 
evaluated only witli oonfiguration A. The pilots missed the runway 
illimination provicted by the landing lights as the aircraft approad\ed 
the touchdown zor^ and noted that visual cues for flare initiation were 
poor until the ^drcIaft was r^arly into the zone. Some concern was 2 dso 
expressed about floating beyond the zone withcxit benefit of landing 
lights to illuminate the runway surface. Thus, aircraft landing lights 
are clearly preferred and £m aircraft would certainly be equipped with 
them. However, it is reasonable to expect that adequate landing 
capability could be adueved should the landing lights f 2 dl to (^rate. 
Pilot ratings degrade only about one-half unit for oonfiguratiw; A under 
these circuTBtances . 

For the exanples of flare oontrol shown in figure 19 for 
configuration A. sink rate and pitch profiles ^u^e ocirparable to those 
with the landing lights on that are represented by the crosshatched 
^velope. Again, a tendency to initiate the maneuver at a slightly 
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hi^MT altitude it migattttd by thttt t9CM|»ltt. Uinittd landing 
pa^manoa rt» J.ta ttili Indicatt oaptbilit^ to achitvt pcacita landing 
parfontance (fig. \0) . 

Visual lydiyj quidaro off - Vim tha Ftaonal lana visual landing 
aid vaa tumad Mientialiy no diffaianot mB noted in flaca oontxol 
capability. Vfith the toudidown aona floodlit aid landing li^ta to 
illuminate the K\mway ig^proaching the aona, tha pilots f«dt they had 
adequate visual guidance to the flare after breaking off from Mt£ 
guidance prior to flare initiation. PurtharnDice, with the lens located 
116 feet laterally from the runway centerline (66 feet to the aide of the 
STOL runway) and 33 feet before the visual aim point, tha pilots tended 
to lose ai^t of the glide-slope li^t «fid could not make nudt use of it 
during the flare. Essentially no diffarenca in pilot rating %mui found to 
exist in this case. Itiis is not to say that an optical di^lay of the 
glide slope is of no value. For conducting approadi under visual 
ocnditions or for coRpletion of an instrvmsnt «^>csoaoH to letnding when 
visibility is poor below the stated instruniant minixnins, a ground-based 
visual display or an cm-board, head-tg) presentation are both aduiowledgod 
to be useful in guiding the pilot to the point of flare initiation. 

Floodlights and landing li^ts off - A substantial difference in 
flare oontrol capability was noted by both pilots whe.i the toudidown zone 
floodlights and aircraft lemding lights were inc^rative. Only 
oonfiguration A was eviiluatad under these conditions. Perception of 
height above the runway surface and sink rate were poor and, as a 
oonsequence, oontrol of the flare for a precise touchdown positiem and 
sink rate wns difficult. Both pilots tended to initiate the flare 
earlier and establish a mere gradual descent to the runway. Ihey felt 
they could land at reasonable sink rates but at the expense of 
unacceptable touchdown dispersions, at least for the runway dimensions 
for this pxogrenn. As a reoult, fliune oontrol was judged to be inadequate 
for this ocsifiquraticxi under these lighting oonditions. 

The flare control exanples shown in figure 20 for oonfiguraticsi A 
illustrate the gradual flare maneuver the pilots felt ocniielled to use 
\/hen the floodlights and landirvj lights were both off. In this case, 
sink rate arrestment begins euxiund 75 feet, initiated by pitch rotation 
and an increment of thrust. The shallow a^^roadi is carried until 
touchdown is assured and is terminated with a final cJieck of sink rate at 
about 10 feet above the runway. Imding performance reflecrts this 
technique and touchdowns at low sink rates well beyond the landing zone 
may be noted in figure 10. 


OONdJUSKXe 

Fli^t experiments have been oonducted with the Augmentor Vfing 
Research Aircaraft to evaluate flying qualities for the STOL flare and 
landing during night operations. The eiqierinmts were carried out at 
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Mm RaMardi OMitar's tMpsrimnt&l flight facility it tha Qeqm Landing 
Naval Airfiald uaing a baaaline lifting oanfigiiraticn oowpagabla to that 
of tha Transport Canada Otta wa - M o n treal STX Danonatxation I^rojaet. 
Siinulatad in^rumant approadhea wara made to Catagory I miniRURiB foUowad 
tay a viaual landing on a 100 x 1700 ft STDL runway. Data «u obtained 
for variatiorui in the aircraft's flana rMponse charactariatiai and 
control tachnicpiaa and for different ocnbinations of aircraft and a 
visual approach slope indication. Aircraft reaponaa charactariatics 
ranged from fully aatiafactory to marginally adequate fli^path reaponaa 
to either the pitch attitude or thrust controls. Airfield lit^ting 
included white edge li^ts for the length of tha STOL nawiy and green 
edge li^ts along the touchdown zone, the toudidown zone could alao be 
floodlit. Viaual approach alope indication waa providad by a Fteanal 
Lena OpticaL Landing System. 

for the range of fleure response characteristics with ths ccnplete 
airfield and aircraft lighting arrangement « the pilots oonsidsred the 
flare and landing capability to be nearly the earns for night as for day 
operations. Toudxiown zone floodlighting and aircraft landing li^t 
illuaination of the runway surface 2 ihead of the touchdown zone were 
elements of the lighting arrangement most ^>reciated. ftsm either the 
floodliglits or landing lights were turned off, the landing oould still be 
acoonpUahed sucxessfully although the pilot's workload was increased 
semewhat. Without flodlights and «drcraft landing lights, the flare 
capability was considered to be inadequate even for aircraft 
oemfigurations having good flare response characteristics. 

Therefore, it may be concluded that all of the runway lighting 
elements examined in this program that are not ordineurily incorporated in 
an airfield lighting array (touchdown tsotvb edge and floodlights and a 
visual approach slope indicator) , cure oensidered to be highly desirable 
for night STOL l 2 mdlngs. Failure of any one of these peurticuleu: elaments 
or the aircraft lemding lights does not prevent adequate 9T0L landing 
performance from being achieved; however, this performance might be 
rreu-ginally adequate for poor visibility or runway surface oonditirxis or 
for aircraft flare response characteristics that are unsatisfactory, 
although adequate. Fedlure of both of the inportant elements 
(floodlights and landing lights) produces oonditions under whidi adequate 
lanviing performance cannot be achieved. 
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TABLE 1.- CONTROL CHARACTERISTICS OF EVALUATION CONFIGURATIONS 
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Figure l.~ Augaentor Uing ftescurch Aircraft. 












Figure 2.- Augaentor Wing Research Aircraft landing li^t arrangeaent 
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(b) Photograph of runway at night. 
Figure 4.- rxmcloded. 










7.- Runway surtaci* i 1 luminal Ion moasurementH . 
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(«) Sink rmf profiles for dsy end night landings. 
Figure 9.- Flare profiles for configuration A. 
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Figure 9.- 

Continued. 
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(c) HPM profiles for night landing. 
Figure 9.-- Concluded. 
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Figure 12.- Landing performance for configuration B. 
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(a) Sink rate profiles for day and night landings. 


Figure 15.- Flare protlie.s for configuration D. 


31 


ALTITUDE 


ALTITUDE 


(b) RHM profiles tor day and night landings. 
Figure 15,- Continued. 
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Figure 16.- Landing performance for configuration D. 
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(a) Sink rate and pitch attitude profiles. 

Figure 17.- Comparison of flare profiles for configuration A with 
touchdown zone floodlights on and off. 
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(b) RPM profilt^s. 
Figure 17.- Concluded. 
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Figure 18.- Comparison of flare profiles for configuration D with 
touchdown zone floodlights on and off. 
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(b) RPM profiles, 
rtgurr 19.- Concluded. 
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(a) Sink rate and pitch attitude profiles. 

Figure 20.- Comparison of flare profiles for configuration A with 
floodlights and landing lights on and off. 
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